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Introduction 

The t h e m 1  decomposition of acetylene is one of t he  most-studied 
phenomena in t h e  c h d s t r y  of gases. 
of the C H2 molecule, i ts  thermal behavior is exceedingly complex. 
within d e  past ten , it has been studied in s t a t i c   system^ (1, 2,  
in flow SYE~OJIIS (4-8rars i n  shock tubes (9-12), and i n  flames (13). The 
t e m p e r a t v  range covered in these studies has spEnned the region from 
about 625 K to 2500°K, but with a gap i n  the 1000 K region tha t  has 
been studied only very recently (6, 14). 
of the produot distributions,  of the effects  of vessel surfaces, of 
changing surface-to-volume rat ica ,  of adding free radical capturers 
such as ND, and of adding organic compounds that  might participate i n  
the mechanism. The rate  o f  formation and the characterist ics of the 
carbons and polymers formed in the decomposition have been studied 

Despite the apparent simplioity 

Explorations have been made 

extsnsively. 

Then is substantial agreemant on some aspects of the decomposition. 
It appears to be se t t l ed  that  a t  law temperatures, a homgeneou reaotion 
u h h h  i r  E O C O ~ ~  order in P2H2] dominates the behavior.  the^ reaction is 
a ch.5.n and leads to the 
u i t h  80- side prodwts such as The activation 
energy is approximately 50 kcal 
hibited reaction is very large. 

o m t i o n  of high molecdlar weight compounds, 
C H , CH , and CkH,,. 
t&4fr&oncy factor of the unin- 

Silcocks (3) give8 

k = 3.72 I 10l6 sap(-50.2 kcal/RT) ac/mole sec. 

A heteropnooua reaotion is d s o  oblroned a t  l o w  trprpsraturss. 



Silcocks reports t ha t  it is  first-order in [C2%. with an activation 
energy of  42.7 kcal. He gives values of the ra 
temperatures. 

The s i tuat ion a t  high temperatures contains more conflict. 
has been d i f f icu l t  to detennine the order of the reaction and t h e  activa- 
t ion  energy, e i the r  with flow systems (8) o r  in shock tubes. 
i f  one preslnnes the reaction order to be integral ,  the best choice a t  
high temperatures appears to be second-order in acetylene. The ra te  
constants a t  the highest temperatures (9, 12)  disagree by a factor  o f  
about 10, but agreement is considerably be t te r  a t  temperatures below 
1900°K. 

Both Aten and Greene (9) and Minkoff and Tipper (15) agree tha t  
the rate  constants a t  high and l o w  temperature can be used t o  define 
the rate  over the whole range; L e . ,  they agree tha t  the mechanism re- 
mains the  same, a t  l e a s t  up to and including the rate-determing step. 
However, Aten and Greene prefer t h e i r  own high temperature data, while 
Minkoff and Tipper prefer those of Kistiakousky and Bradley (12). 
choices yield markedly different  resul ts ,  respectively: 

constant a t  f lve 

It 

However, 

These 

exp(-39 kcal/RT) cc/mole sec (data of ref. 9 )  k = 

(data of ref. 12)  k = exp(A5.8  bcal/RT) cc/mole sec 

Q u i t e  aside from questions raised by sucb a discrepancy, we think 
it unjustifiable t o  assume t h a t  one is measuring the ra te  of the same 
reaction sequence a t  200OoK and a t  70OoK. 
geneous reaction is a chain of length (3) on the order of 100 or more. 
There is no evidence t h a t  the reaction a t  h i d  temperature is a chain. 
Indeed the only direct experimental evidence (12) of which we are aware 
indicates that  it i s  essent ia l ly  a simple sequence of consecutive re- 
actions. 

T h e  l o w  temperature homo- 

It is clear ly  important t o  discover what happens between the lower 
limit of the shock tube studies, ca. 14QO°K, id the upper l i m i t  of the 
studies in vessels, ca. 8OO0K. This intermediate region is appropriate 
f o r  studier using f l o w  systems. 
have done exactly t h i s ,  but have concentrated most of t he i r  a t tent ion 
upon product dis t r ibut ions and the implications of these regarding the 
mechanism. Very recently, houever, Munson and Anderson (6) have pub- 
l ished work from which it is possible t o  extract  ra te  constant data 
and we shall discuss these l a t e r .  
reactor to study the decamposition over temperatures frun about 12OO0K 
to 145OOK. They had d i f f i cu l ty  i n  defining the order o f  reaction, but 
t h e i r  data compare reasonably well w i t h  shock tube data if  one assumes 
second order behavior. 

Anderson and his colleagues (4, 5 )  

T a r e l l  and Martin (8) used a flow 

The present experiments represent an e f fo r t  t o  study the decomposition 
very carefully a t  three temperatures, t he  highest of which overlaps 



the  shock tube studies. 
ing the order of reaction and the absolute magnitudes of rate constants 
a t  these three temperatures. 
performed by U e y  and Slysh (7). 

Particular attention has been given t o  detenuln- 

The work is basically an extension of that  

Ekperimental Procedure 

The apparatus was only s l ight ly  modified from the arrangement used 

The pyrolysis tube 

C H was metered w i t h  
Input 

by Kinney and Slysh (7)  and will therefore be described only briefly.  
It was a flow system operating a t  ambient pressure. 
was 5 m i.d. mfractory porcelain, sealed to Pyrex a t  the ends, and 
mounted in a furnace capable of attaining 1500°C. 
a capillaly flowmeter before being mixed with the heti& carrier.  
rates were varied so as t o  produce m i x t u r e  compositions ranging from 0.20 
t o  1.30 mole per cent C2%. 

Pt-Pt:Rh thennocouple for  each of three temperature set t ings and a t  
several flow rates. They were found to be essentially independent of 
flaw velocity, f r o m  which it i s  inferred tha t  the gas temperature was 
indeed being measured. 
the radial temperature distribution i n  the tube based upon approximate 
values for  the thennal diffusivity of the as. The estimates show th6t 
the temperature a t  the center of the tube t 2 . 5  mm from the wall) should 
not differ f r o m  the wall temperature by more than a few degrees. Because 
the furnace was short, the temperature profiles dld not possess a plateau 
region. A typical profile is shown i n  Fig. 1, together with what w e  c a l l  
the "staircase" approximation to it, by means of which it was possible to 
correct the experimental data to the temperature of M Imaginary 5-cm-long 
hot eom having a constant temperature near the actual temperature peak. 
I t  uaa also convenient to discuss the effeot of flow velocity upon the. 
per cent deoomposition i n  b n 6 6  of the f i c t i t i ous  residence t b e  ("contact 
tin") of the gas In the  imaglnarg hot zone. 

Calculations of the extent of decomposition in the hot eone uere 
carriod out for oach run by an i t e ra t ive  procedure in which an equation 
for the rate constant was assumed In order to compute the re lat ive 
oontributions from dacmporition a t  each of the temperature levels  on the 
r ta i raare .  
meant that it was quite easy to  correct fo r  tho other contributions, u e h g  
rough vdwts for the rate constants h the first trial. From the r eSUl t6  
of the runs a t  three different temperature set t ings,  a bettsr expression 
for  tho tampelrture-dopendent rate constant war derived and used in the 
second ciloulation of corrections. 
t o  y i d d  ratisfactory v d u e s  gor rate constants a t  each of the throe hot 
sono 10~01s (1333 K, 1433OL .nd 1528OK). D~toils of  these 
calculations a m  prewnted In reference 16. 

Temperature profiles ui thin the pyrolysis tube were measured v i th  8 

This conclusion is supported by estimates of  

Most of the decomposition occurrod on the top level, which 

This single iteration was found 

, 
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The helium used uas Matheson "research grade: gas, purity approximately 
99.99%. 
then through a tower containing Ascarite and Anhydrone to remove c02 and 
H 0. 

the helium stream. The mixture of C 
ice-cooled, glass wool-packed t rap b 
f ee t  i n  length tha t  served to ensure homogeneity of the mixture t h a t  
entered the pyrolysis tube. 

The first was cooled by dry ice and served principally as a pre-cooler 
to ensure good trapping efficiency in the subssquent l iquid PI -cooled 
traps. These t raps  captured acetylene, diacet ylene , vinylace$ylene, 
methyl acetylene, and allene. Hydrogen and methane were not trapped, 
but were converted to H 0 and C02 over CVO f i l i ngs  a t  7OO0C. 
carbon that  formed on &e tube wall during the run was determined by 
burning it off with oxygen a t  1255OC, running the eff luent  gas through a 
C d  trap, and capturing the C02 in Ascarite. 
polymer, deposited just beyond the furnace exit, was the only product 
ignored. Analyses were performed using vapor chromatographY and (for  
C02 and :$O) by weighing Ascarite and --ne absorption towers. 

It vas passed through a bed of Cu a t  400 C for  02 removal and 

The C2H2, a purified grade of 99.5% minimum purity, was bubbled 
before introduction into 

He was routed through a drg 
%rough concentrated H2S04 t o  remove 

entering a co i l  of tubing 4 

Beyond the water-cooled e x i t  of the furnace were three t raps  in series. 

Vitreous 

A very small amount o f  reddish 

Resolts and M s c u s s i z  

The decomposition has been studied a t  thrse temperatures: 
1433°K, and 152PK. 
to which the decomposition data w e r e  corrected. 
the present paper is upon the kinetics of decomposition. de ta i l s  of pro- 

The were in broad agreement w i t h  
the results of other ipvestigations ( 6 ,  77. 6 note of special in te res t  
i s  that the more prominent C4 product a t1333  K was vinylacetylene, but 
a t  1528'9 it was diacetylene. 

In Table I are  smmarieed the experimental data on the extent of 
decomposition of C % at various nominal contact times. 
bas i s  fo r  calculadons of ra te  constants. 
been deteradned a t  the three hot eone temperatures by examining t h e  extent 
of deconposition as a function of the initial concentration a t  fixed flow 
rate--Le. a t  fixed effect ive contact time in the hot eone. 
appear in Fig. 2, and represent mixed first- and second-order behavior. 
This may be seen as  follows: 

1333OK. 
These repreeent the effective hot eone temperatures 

Because the emphasis in 

duct anelpea m e  not presented here. 

These folmed the  
The order of reaction has 

The results 

consider a reaction wlth rata  given by 

Integration yields 

I 

J 
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where F is a maan concentration m e r  the time inter~al, ~ n d  WIU a p p ~ ~ t e -  
l y  equal (Co + C)/2 when t h e  extent of decolnpoeition is s d l .  l a e n  this  
is the case, Zq. 3 yields 

Thus for mixed fk8t and second order, a study a t  fixed tkne ( L e .  
fixed f low rats) and small extent of decomposition should show an 
approximately l inear  dependence of  the extent of decomposition upon t h e  
input concentration, with a f in i t e  interoept a t  Co = 0 i f  there is in 
f a c t  a first-order contribution. This i s  the case in Fig. 2. 

One can calculate f i rs t -order  rate constants from the intercepts i n  
Fig. 1. 
of the smaller number of points, the long extrapolation to Co = 0, and 
the larger extent of decomposition. 
to yield the extent of decomposition I n  the effective hot eone. 
in principle a multiply i te ra t ive  proaedure, but  we found that the 
correction was sufficiently small that a rough treatnent of the data 
could provide crude rate  constants from which corrections could be formed 
t o  yield good rate constants in a single i teration, as discussed earlier. 

Ib33°p& 0.745 sac- a t  1$!aoK. On an Arrhenius plot ,  these define a 
l i n e  given by 

The result f o r  1528OK is not as re l iable  as the other two because 

The calculations involve a correction 
This 1 8  

-1 0 -1 
a t  1333 K: 0.482 sec values obtfined are 0 . a  sec a t  

\ = 4.2 x 1 0  3 exp(-26 kcal/RT)sec-' 

The unoertainties in the numerical values of this expression are surely 
considerable (but d l f f i cu l t  t o  estimate). Nevertheless it is clear  tha t  
both the frequency factor  and the 8CtiVatiOn energy rule aut a homogeneous 
unimoleodar reaction. If we assum that  t h e  reaotion is heterogeneous. 
the rate constant k will be khet = k (V/S), where (V/S) i the  volup- 
to-surface ratio.  &our reactor, W U r a t i o  was 1.25 x lo-' liter/ua , 
where the units havo been ahosen so as to wit easy comparison w i t h  
the low-temperature results of Silcocks ( 3 r  The comparison is shoun 
i n  Fig.  3. khat i s  now given by 

-1 
%et = 5.25 x 10 exp(-26 kcal/RT) liter cmo2sec-l 

Pn at .Mion  O f  t u b  l i ne  @e8 through the Pllddle Of SficOckS' dab. 
It is tempting to condude tha t  the heterogeneous reactions are t h e  
but  caution i(l required beaause a modest a l terat ion of the partmeters 

is nuah more to be @omd on the mnttar of 
in th. expression f o r  

a heterogeneous decolaposition. We have noted w i t h  interest tha t  the 
yields of %, C H , and C4H all move toward ram a t  C 
plua CH becolu4&ually &e only products. Clearly ?he meohaabm of 
the rorf)oae decomposition rust be grosally different  frol t h e  gaseons 
proooss 

could aauae the costension to &s Silcocks' 
points altogether. 

* O s  and oarbon 



Fig. 2 shows t h a t  the gaseous decomposition confonns nicely t o  
second-order kinetics, and it i s  possible to obtain k,, from the'slopes. 
We have preferred t o  use data  on the per cent decomposition as  a m c t i o n  ' 
of the effective contact time in the hot zone, averaging the rata 
constants obtained fro= a nwber  of runs (6 to  8) a t  the same temperature 
but a t  various f low rates and input concentrations. 
been corrected, i n  each case, fo r  the firstorder contribution. The 
procedure (16) i s  tedious and VU not be outlined here. 

"he results have 

3 
me rss~lts for  3, ~n yt" of cc/mole sec, are: (1.40 3 8-10) x 10 

a t  1 3 3 3 O K ;  (3.42 2 0.2 ) x 1 
1528oK. 
absolute deviations of the experimental points. 

a t  1433OK; and (2.49 5 0.36) x 10 a t  
The uncertainties attached to each nssult are  the average 

Figure 4 is an Arrhenius p lo t  of all available 
from about 65oO~ to 2500°K. The sol id  curve w i l l  be 
Our data and those of Sklnner and Sokolski (ll) agree very w e l l ,  i n  the 
sense t h a t  their  higher-temperature points fall on the bes t  l i n e  through 
our results. However, t h e i r  values below about lfiOO°K (not included in 
the f igum) show a change in slope that requires comment a t  a l a t e r  point 
in t h i s  discussion. 
nry s-ar to ours, para l le l  our dab well. 
better if their  results could be readily cormcted for the contribution 
from the heterogeneous deconposition. 
are in  reasonable agreement with ours and wit1 Skinner's but show a 
smaller slope. The bes t  high temperature l i n i ,  which we have selected 
by eye, defines '6 as 

The data of Tovell and Martin ( 8 ) ,  obtained i n  reactors 
Agreement would be even 

/ /  

The resul ts  of Aten and Green (9) 

k,, = 3.2 x lor4 exp(-5O k c e l / R P )  cc/mole eec. 

The frequency factor  seems close to norenl, in contrast to that c i ted  
ea r l i e r  for the law-temperature reaction. 
is obserping an elemntarg reaction a t  high temperatures, but suggests 
tha t  the hot reaction is not  a chain. 
telspepwe l i n e  falls below the l a w  temperature k,, values by a factor  
of 10 o r  mom. 

This does not prove t h a t  one 

An extrapolation o f  the bes t  high 

Thus the quemtion remains: what happens between 80O0K and 1400°K? 
The work of Munson ard Anderson ( 6 )  contributes much toward an answer. 
They wed a flau reactor of diameter 2.2 an and, a t  high concentrations 

= 1 atan), covered temperatures from 
;;3'&0 ll23'K. They did not ob& rate C O I W ~ B ~ ~ G ,  but they do report 
the th-dependence of the C concrentration a t  six temperatures. These 
result8 are  of pmuiaion to pennit examination of the reaction 
order by the usual methods of kiaetics. O u r  analysis shows tha t  the 
reautiun is second-order in [%€+3 a t  873°K, 92J0K, and 973'K, but that  
the order is not well defined a t  the higher temperatures. The second- 
order rate aonstanta a t  the three lower temperatures a r e  in remarkably 
good agreement with an extrapolation of low-temperatun, data. 

3 om aaproxhates ahe kinetics a t  the three higher temperatures 
(1023 K, 1073 K, apd U23 K) by 8 f i r s b o r d e r  expression, the rate constants 

(20-21 mole per cent a t  p 



so obtained show a temperature coefficient corresponding to an activation 
energy in the v i c M t y  of 30 kcal. 
kinetics of the decomposition undergo a transit ion a t  about 1000°K, and 
tha t  one cannot make a d i rec t  comparison of second-order r a t e  constants 
a t  low and high temperatures. 

I n  view of the known complexity of the decomposition, it is not 
real ly  surprising to find complications in the kinetics: bu t  the behavior 
does seem extraordinary. An acceptable mechanism must: ( a )  give second- 
order kinetics a t  law temperature, w i t h  a rate  constant similar to tha t  
cited from the results of Silcocks; (b) there m u s t  be some s o r t  of 
transit ion region a t  intermediate temperatures; and (c)  a t  high temper- 
atures the reaction m u s t  be second-order but now with % similar t o  tha t  
c i ted previously from our data and the shock tube data. 

It thus seems quite c lear  tha t  the 

Behavior of t h i s  so r t  can occur i n  the mechanism presented below. 
This i s  offered as  a stimulus t o  further work. It makes no attempt t o  
account i n  detai l  f o r  a l l  products, and there is no d i rec t  evidence f o r  
the steps involved i n  it. Our comments follow each reaction postulated. 

This represents mimolecular excitation of acetylene t o  its lowest- 
lying t r i p l e t  state.  

can possess vibraZiona1 energy. 
probably occurs most rapidly when the amount of energy t o  be transferred 
is not very large (17). 
include vibrational excitation. However, because establishment o f  
vibrational equilibrium is probably rapid relative t o  the rate  of reaction 
1, one can think of a t  l e a s t  one of the C2H2 molecules as being highly 
excited vibrationally without introducing a necessity for modiwing the 
simple equation above. 

C H is shown as the coll ision partner for the 
excitation on the pres&p?ion tha t  in a mixture of C and a monatomic 

an He because it gas,  e.g. Fe, C2H will be many times more effective 
The actual change of multiplicity 

Thus a detailed mechanism f o r  reaction 1 would 

h k o f f  (2) has suggested that  the first s tep is double excitation, 
2 C H +2 C H *. This has the virtue of being spin-allowed, but the 
em$& requi%nt w i l l  be very much greater (roughlydouble) that  f o r  
s tep 1 above; t h i s  should weigh more heavily ag inst the double excitation 

constant of reaction 1. 

the s i n g l e t t r i p l e t  excitation energy, which has been estimated 79) t o  
l i e  between 42 and 67 kcal above the ground s ta te ,  using data discussed 
by Laidler (17). 

than does the forbiddenness factor (perhaps 1 0  -& ) entering into the rate 

Reaction 1 will probably have an energy barr ier  somewhat h i  her than 

( 2 )  C2H2* + C H - 2  C2H2, 2 2  
deactivation of t r i p l e t  acetylene. By microscopic reversibi l i ty  C H2 
m u s t  be much mom effective than He in the deactivation. 
presumably be a small activation energy in the ra te  constant, and a 
forhiddenness effect  in  the pre-exponential factor. 

There kd 

\ 



(3)  C H * + C2H2+CqH4* 
2 2  

This is an addition reaction to yield a t r i p l e t  dimer. The reaction 
will be in competition with step 2,  and will be fast .  The r a t e  constant 
f o r  a reaction tha t  m y  be conparap& vie,  the addition of NO2 to  C2K2, 
has been reported (18) t o  equal 1 exp(-l5 kcal/RT) ccfmole sec. 

(4) C4H4* + C H - r C  B * + C4H4, 2 2  2 2  
a chain-transfer reaction tha t  is not s b p l y  an exchange of multiplicit ies 
because formation of vlnylacetylene from C H * requires H atom migration. 
There should be an appreciable but  small a 8 t h a t i o n  energy. 
that  in a reaction of t h h  type the coll ision efficiency ("steric" factor)  
may be very low. 

We suspect 

( 5 )  CbH,+* + C 2 H 2 ' t  products. 

This alternative t o  reaction 4 is thought of  as a radical addition reaction 
leading to stable products such as  benzene. 
sake of allowing a t ractable  expression f o r  the overall kinetics. 
is, it might a lso  be thought of as  a deactivation; o r  i t  might not end 
the chain a t  a l l ,  but  ra ther  continue it by a subsequent transfer 
reaction analogous to s tep 4; or the product mig1.t in turn add to  C H 
However, observations by Robertson & 
i n  C H pyrolysis do ,support the suggestion tha t  a large fraction of the 
reach& events in step 5 do not lead t o  a contirimtion of the chain. 
It further appears from t h a t  work that  reaction !) has a large temperature 
coefficient. 
than tha t  for step 4, and t h a t  i t s  coll ision faclnr  is also much larger ;  
i n  this nay it becomes possible f o r  its rate  to the l e s s  than that  of 
step 4 a t  low temperature b u t  t o  exceed it a t  hi(;her temperatures. 

The postulated reaction scheme is terminatetl a t  t h i s  point. It is 
of course recognized in doing so that  other reactions must occur. The 
scheme is d simplified version of t ha t  discussed by Minkoff and Tipper 
(151, but  with the difference in the s i n g l e t t r i p l e t  excitation s tep  
noted previously. 

It  is oversimplified f o r  the 
That 

(19) of the  yield of benz&d' 

We sha l l  asaume t h a t  ita activation enerw is much larger 

A steady-state treatment of the scheme yields 

-d[C$&dt = [c2H2]24(5/k2)([3 - k4/(k4 + k5)]/[l + (5/$)k5/(k4 +k5)]] 

A t  low temperatures, we expect kl, >> > k 

-d[C+$]/dt = 2[C2H2l25(%/%)[1/(1 + k,k5/k&+)] 

Then 5' 

5' 
We expect 2 t o  be considerably greater than %; but with k4 > > > k 
the result s 

A t  higher t e m p r a t u z s s ,  k w i l l  compete with k and the  chain length 5 4 
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w i l l  be redwed. In the liaclt tha t  k >> k4, aontindng to b8SpIpb k >> 5. 
t h e  steady-state treatraent yields 3 

This r a t e  will be substantial ly l ea s  than that given by the PmdorrS result, 
if extended t o  high temperature. The conseqwnoe is t ha t  a t  tho tenp.rature 
when, k begins t o  compete effectively with k4, an Arrhenluu plot of the 
oppren2 second-order rate aonstant should begin to show a decreasing 
slope. 
to timt aharaaterist io of 9 ; 5  nit neem to aooniona rather w e n  to the 
plot  in Fig. 4. The trans1 on region for k4 v e m  k hppOOri3 to begin 
a t  about 9OO0K and slrt.nds to about 140OOK. 

Once the oondltion. k >>k , is reaahed, the dope will rise again 

5 

The high-temperature results cited ear l ie r  now yield 
14 5 = 1.1 I 10  exp(-5O kcal/RT) oc/mole sea 

and, using this 1, the low-tsmperatw results of Silaocka f i e l d  
2 

(lr,&) = 1.60 x 10 . 
If w require that (k /k ) 3 10( / ) a t  700°B and (k /k * 

0.2 (Le .<<  1) a t  1400°K,4th~ tempera ure dependonee of (kk/k5) I s  
found to be 

4 
5 4  9 %  

(k /k ) * 4.2 x 10 q ( - 2 5 . l  k d / R T )  . 
4 MY be used f o r  a computation of the seoond2oker rate odnsJtplft over 
the vhale temperatun range. The result is shown by the so l id  ourve in 
Fig. 4. The flt setma quit. suacetiisful, particularly when it is realiced 
tha t  the C H dbappearanoe rates reported by Nunson and Aadereon may 
have been ~p$raciably enhrnoed by heterogeneou decomposition on carbon 
pbrtiales f o d  in their maatant streaab 
b aorrsotion for thb effects the point is t h a t  the 
from their nrdb am probably too large. 

5 4  
Eplplasing t h e  thrw parameters, 5, (k / 1, and (k /k Equation. 

It is not possible t o  make 
Values aomputed 

So- o0arment on the partmeters i s  In  ordor. has a surprisingly 

in maation 1. Houwer, in a reoent study of So deaoqosit ion,  Gaydon 

triplet state appurr to be alded by enorgy trbnufer from intomil degrees 
of fmedar. 

appsrart eaorgy o? aotlvation is lowered in suoh a aase. In  C&-C21$ 

large ~ x p o n o n u i l  faator,  in rim of the v i o l a t i  'a n of upin aonaervation 

a. (20) bva  found that Pnisoleorilar exaitatlon of to its lowset 

'Xbla hra the effeat  of rnb5ng tha pn-nmntlal fbator 80 
b8 t0 1brwlr a - m b  for the  f O r b i d d . n n . 8 6  O f  tho nmthll. The 

8 d b i - r  tklr a?@ Uny po68ibfiftb8 f o r  0-w trbn8fer intarnal 

i. ao t  v o q  rullrtio. However. refiiaannt of 4 does not yet 
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The(appr0Ximste) temperature independence of is about what one 
would expect on the basis  of the ea r l i e r  
The magnitude o f  the ratio, Le. 160, is also rsasonable. 

unexpected, but no par t icu lar  significance can be attached t o  t h e  25 kcal 
difference In activation energies except to Sag tha t  it reems consistent 
with the experimtental results of Robertson etal. (19). Beyond t h i s ,  our  
ignorance of the details of the postulated steps 4 and 5 is almost total. 

A final remark should be made on the repor;; by Skinner and Sokolorki 
(11) that the rate constant for fonuation of v3.nylacetylene below about 
1500~11 lies above the lou-temperature extension of t he i r  resdts f o r  
conversion t o  all products a t  temperatures abovu l5OOoK (points shown in 
Fig. 4). If the result is real, it presents a severe complication. We 
would suggest tentat ively tha t  the i r  l o w  yields o f  vinylacetylene may ham 
l e d  to analytical errors, as indicated to some extent by the i r  d i f f icu l ty  
i n  obtaining a mass balance on reactants plus pxpduots. 

As for  (k /kb), the large r a t io  of pre-srponential factors is not 

It is possible to zvooncile most lou- and 'high-tenperaton data in 
the litaratum on acetylene pyrolysis by a o b i %  meohrmium in whioh the 
mah ahaia-Snding reaction has a stronger temporoton, dependence than 
does one of the ahain-carrylag reactions. T h b  l e a  to long chains a t  
l a w  temperatures and essent ia l ly  non-ohain beharior a t  high temparatures. 
It seem very probable t h a t  the first s tep in the mechanism is excitation 
of CpZ t o  ita lowest-lying t r i p l e t  state ,  and that one of  the chain steps 
is a spin-exchange reaction. 

sooting system, a first-order heterogeneous decomposition reaction, the 
products of which appear to be principally carbon and CH4. is expected 
t o  daminate the kinetics. 

I 

In system possessing high surfaoe-to-volume ra t ios ,  e.& in heavily 

A O h O U l ~  

W e  are indebted fa the U. S. Atomic Eaergy C o ~ s s l o n  for par t i a l  
support of this work under Contract AT( 30-1)-17lO. 
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Table I. 

Smmarg of experlmentsl data on the doaomposition rate 

1333O# 

C . t . *  c, $ Dec. 
(sec) (mole $1 
0.100 0.58 3.9 
0.150 0.57 5.6 

0.150 0.96 6.5 
0.150 1.02 7.2 
0.150 1.28 7.5 
0.200 0.52 7.5 

0.150 0.81 6.3 

0.100 
0.150 
0.150 
0.150 
0.150 
0.150 
0.150 
0.200 

0.50 8 2  
0.22 11.2 
0.27 n.4 
0.9 12.8 
0.9’7 14.3 
1.25 16.5 
1.30 16.8 
0.53 18.1 

198’d 

I 

c.t.* eo $ IkO. 
(sec) (mole $2 
0.046 0.50 9.1 

0.150 0.50 31.2 
0.094 0.50 18.2 

0.150 0.69 37.7 
0.150 0.78 39.7 
0.180 0.50 37.0 
0.190 0.9 37.8 
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